Semiconductor wafer handler 

FIELD OF THE INVENTION 
5 The present invention relates to a semiconductor processing 

apparatus for improved semiconductor wafer handling for face- 
down processing applications. 

BACKGROUND OF THE INVENTION 

10 It is very important in semiconductor manufacturing that a 

minimum number of particles be introduced onto the surface of 
the semiconductor wafer during processing. In most semiconductor 
manufacturing the machines, apparatus, or tools used in 
manufacture do not directly contact the front surface or front- 

15 side of the wafer where the integrated circuits are formed. In 
general these semiconductor processing tools handle the wafers 
by contacting the back surface or backside during wafer 
transport and processing. Some processes such as chemical 
mechanical polishing (CMP) however do not readily lend 

20 themselves to handling the wafers by the backside only and in 
these processes contact is made to front-side of the wafer 
during processing. 
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Shown in Figure 1 is a typical scheme used to handle wafers 
during the CMP process. In Figure 1(a) the wafer 10 is loaded 
from a cassette unto the pedestal front-side down by a robot 
arm. The cassette and robot are not shown for clarity. The 
front-side 20 of the wafer 10 is in contact with the pedestal 30 
and is held in place by vacuum. In operation, the pedestal moves 
up along the AA' axis before wafer loading to stage the backside 
15 of the wafer 10 for transfer to the wafer handler 40. The 
wafer 10 is held against the surface of the wafer handler by a 
vacuum during wafer processing. After loading the wafer 10 unto 
the wafer handler 40 the wafer handler moves along the path BB' 
to begin CMP of the surface 20 of the wafer 10. In this type of 
scheme the surface 20 of the wafer 10 is polished front-side 
down. Although the backside 15 of the wafer 10 is held against 
the wafer handler 40 during the actual polishing, the pedestal 
30 contacts the front-side 20 of the wafer during transport too 
and from the wafer handler 40. 

A top view of the pedestal 30 is shown in Figure 1 (b) . Also 
shown in Figure 1 (b) are holes 60 in the surface of the pedestal 
where nitrogen, water, or a vacuum can be applied to the surface 
of the wafer. During the wafer transfer process up to 80% of the 
front-side 20 surface of the wafer comes into contact with the 
pedestal. This allows particles to be transferred to the surface 
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of the wafer after CMP that results in diminished wafer yields 
of functional integrated circuits. There is therefore a need for 
improved semiconductor apparatus or tools that reduce the tool 
contact with the front-side of the wafer during transport and/or 
5 processing. 
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SUMMARY OF INVENTION 

The instant invention comprises an improved semiconductor 
wafer handler. In a first embodiment of the instant invention 
the improved wafer handler comprises a ring with an upper 
surface and orifices for applying a vacuum to the surface of a 
semiconductor wafer. The ring is attached to a hub through 
spokes that are affixed at either end to the ring and the hub. 
There are orifices in the spokes through which water and 
nitrogen can be passed unto the surface of said semiconductor 
wafer. In a further embodiment a diverter valve is contained in 
the hub. 

In a further embodiment of the instant invention a CMP 
15 processing tool with improved wafer handling comprises a wafer 
handler for holding a semiconductor wafer while processing and a 
pedestal for loading and unloading the semiconductor wafer to 
the wafer. The pedestal further comprises a ring with an upper 
surface and orifices for applying a vacuum to the surface of a 
20 semiconductor wafer. The ring is attached to a hub by spokes 
that contain orifices through which water and nitrogen can be 
passed unto the surface of a semiconductor wafer. 
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In a further embodiment the improved wafer handler further 
comprises a diverter valve comprising a housing with an internal 
top surface and an internal bottom surface and a valve ring 
contained in the housing such that the valve ring moves to the 
5 internal bottom surface on the application of a vacuum in the 
housing. In addition the diverter valve further comprises a 
plurality of tubes connected to the internal bottom surface such 
that the valve ring covers the plurality of tubes when a vacuum 
is applied to the housing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention 
and the advantages thereof, reference is now made to the 
5 following description taken in conjunction with the accompanying 
drawings, wherein like reference numerals represent like 
features, in which: 

FIGURES 1 (a) and 1 (b) are diagrams of apparatus used to 
10 transport semiconductor wafers according to the prior art. 

FIGURES 2 (a) and 2 (b) are diagrams of an improved pedestal for 
holding semiconductor wafers according to an embodiment of the 
instant invention . 

15 

FIGURE 3 is a diagram of a further embodiment of the instant 
invention . 

FIGURES 4(a) and 4(b) are cross-sectional diagrams of a diverter 
20 valve. 

FIGURE 5 is a photograph of an embodiment of the instant 
invention . 
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DETAILED DESCRIPTION OF THE INVENTION 

Shown in Figures 2(a) and 2(b) are diagrams of an 
embodiment of an improved pedestal for holding semiconductor 
5 wafers front-side down. As shown in Figure 2(a) the pedestal 

comprises a circular ring 70 with a thickness 75 of 0.10 to 0.30 
inches. The ring 70 is the only portion of the pedestal that 
contacts the wafer 10. The diameter of the circular ring is such 
that the upper surface of the ring 70 only contacts the edge of 

10 the wafer. The edge of the wafer does not contain functional 

integrated circuits. Therefore if particles are introduced onto 
the edge of the wafer the yield of functional integrated 
circuits derived from the wafer is unaffected. The wafer is held 
against the upper surface of the ring 70 by the application of a 

15 vacuum through the orifices 100 which are positioned on the ring 
70. The ring 70 is held in place by a plurality of spokes 90 
that are attached to a hub 80 that comprises the deflector valve 
and attaches the pedestal assembly to the semiconductor- 
processing tool. Nitrogen gas and/or water are supplied through 

20 the orifices 110 positioned along the various spokes 90 of the 
pedestal and is used to clean the front-side 20 of the wafer as 
well as push the wafer off the pedestal during the transfer of 
the wafer to a wafer handler positioned above the pedestal. 
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Shown in Figure 2 (b) is a cross section through the 
pedestal through the line DD' . A wafer 10 is shown on the 
pedestal. The edge of the wafer sits on the upper surface of the 
ring 70. The upper surface of the ring 70 is positioned at a 
5 higher level than the upper surface of the spokes 90 and the hub 
80. Thus when the edge of the wafer sits on the upper surface of 
the ring 70, the remainder of the front-side 20 of the wafer 10 
sits above the upper surface of the hub 80 and the spokes 90. 
The number of particles transferred to the wafer from the 

10 pedestal in the instant invention is therefore greatly reduced 
compared to the number of particles transferred by the pedestal 
used in the prior art. In operation the wafer 10 is transferred 
to the pedestal of the instant invention by a robot arm not 
shown for clarity. After placing the wafer on the upper surface 

15 of the ring 70, a vacuum is created through the holes 110 which 
secure the wafer to the surface of the ring 70. After placement 
of the wafer 10 on the ring 70 and before the application of the 
vacuum any number of steps could be performed such as wafer 
alignment. Following the application of the vacuum, the entire 

20 pedestal is moved upwards to stage the backside of the wafer 15 
for transfer to a wafer handler 40. Upon the application of a 
vacuum to affix the backside of the wafer 15 to the wafer 
handler, the vacuum holding the wafer to the ring 70 is released 
followed by the passing nitrogen through all the holes 110, 100 
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in the spokes 90 and on the ring 70 to push the wafer off the 
surface of the ring 70 and up against the wafer handler 40. The 
wafer handler 40 then moves the wafer to other sections of the 
processing tool where various processes are performed such as 
5 CMP. Following the completion of the processes to be performed 
the ring 70 is positioned below the wafer handler 40. The wafer 
handler 40 is then positioned so that the upper surface of the 
ring 70 is in contact with the edge of the wafer. Vacuum is 
applied to orifices 100 in the ring 70 to affix the wafer 10 to 

10 the ring 70. The vacuum holding the wafer to the wafer handler 
40 is released and the wafer is removed from the pedestal and 
placed in a cassette by a robot arm. While the wafer is being 
removed from the pedestal by the robot arm water and/or nitrogen 
can be forced from all the orifices 100, in the pedestal and 

15 unto the surface 20 of the wafer 10 to remove particles that may 
have been introduced unto the surface 20 during handling and 
processing. 

In addition to the embodiment shown in Figures 2 (a) and 
20 2 (b) other embodiments of the instant invention are 

contemplated. For example in a further embodiment of the instant 
invention any number of spokes can be used to hold the ring 70 
in place. The invention is therefore not limited to the four 
spokes 90 shown in Figure 2(a). In addition the ring 70 shown in 
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Figure 2(a) forms a complete circle. However the surface that 
supports the wafer does not have to form a complete circle. Gaps 
120 may be present in certain regions of the ring or contact 
area as shown in Figure 3. In a further embodiment of the 
5 instant invention the spokes 90 and hub 80 will cause ring to 
rotate in a clockwise or anti-clockwise direction during the 
period when water and/or nitrogen is sprayed on the surface of 
the wafer 20. This rotation will enhance the cleaning effect of 
the water and/or nitrogen. 

10 

Shown in Figures 4 (a) and 4 (b) are cross-sectional diagrams 
of a diverter valve 125 which is contained in the hub 80 of the 
pedestal. The diverter valve functions to direct the flow of air 
to create a vacuum as well as the flow of nitrogen and/or water 

15 unto the surface of the wafer. Although in the described 

embodiment the diverter valve is contained in the hub 80, the 
diverter valve can be placed in any location on the processing 
tool. Shown in Figure 4(a) is the diverter valve 125 when vacuum 
is formed at the orifices 100 in the ring 70 to hold the wafer 

20 10 unto the surface of the ring 70. The diverter valve comprises 
a housing 160 that contains a valve ring 130 and tubes 140, 150 
for the application of the vacuum or the flow or nitrogen and/or 
water. The valve ring 130 is a flat disc with one or a number of 
holes through which air can flow. The tubes 140 coming from the 
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housing 160 are connected to the orifices 100 on the ring while 
the tubes 150 are connected to the orifices 110 on the spokes 
90. With the wafer on the ring, a vacuum is created by causing 
the flow of air in the direction shown in Figure 4 (a) . A pump or 
5 some other apparatus can be used to produce the required 

airflow. The reduction in pressure will cause the valve ring 130 
to move to the internal bottom surface of the housing 160 and 
block the opening to the tubes 150 connected there. This causes 
a vacuum to be created at the orifices 100 on the ring 70 that 

10 then hold the wafer to the surface of the ring 70. Shown in 
Figure 4(b) is the position of the valve ring 130 when water 
and/or nitrogen is being applied to the surface of the wafer 
through the orifices 110. In this case water and/or nitrogen is 
forced into the housing in the direction shown by the arrows in 

15 Figure 4 (b) . The water and/or nitrogen will force the valve ring 
130 to the internal top surface of the housing 160 allowing the 
water and/or nitrogen to flow through the tubes 140, 150 and out 
of the orifices 100, 110 unto the surface of the wafer. Although 
the operation of the diverter valve was described using water 

20 and/or nitrogen any suitable gas and liquid can be flowed 

through the diverter valve and orifices 100, 110 to clean the 
surface of the wafer. In addition the diverter valve shown in 
Figures 4(a) and 4(b) have four tubes connected to the housing 
125. It should be noted that the invention is not limited to 
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four tubes and any number of tubes can be connected to the 
housing. 

Shown in Figure 5 is a photograph of the pedestal 170 of an 
5 embodiment of the instant invention in a CMP processing tool. 
The wafer handler 40 is shown above the pedestal 170. The wafer 
handler 40 loads and unloads the wafer face-down and moves the 
wafer to other sections of the CMP tool for processing. The 
pedestal 170 stages the wafer for the wafer handler 40. 

10 

While this invention has been described with reference to 
illustrative embodiments, this description is not intended to be 
construed in a limiting sense. Various modifications and 
combinations of the illustrative embodiments, as well as other 
15 embodiments of the invention will be apparent to persons skilled 
in the art upon reference to the description. It is therefore 
intended that the appended claims encompass any such 
modifications or embodiments. 
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